A widespread model for urban systems development description in the form "frame and fabric" was proposed by the Soviet urban planner Gutnov A. E. as an alternative to a functional approach, used to control the territory development. While developing the model, Gutnov posed the problem of the transition from a functional description of the destination area to description of the intensity of the processes occurring in the territory. This article develops and deepens the approach based on the study of the intensity of the processes occurring in the territory by means of land use and development rules. The research method as before consists of the following steps: a uniform grid covers the researched area (city). Then a frequency histogram is created for the researched attribute. Then, based on the histogram, contour line maps of the researched attribute are created. This paper takes the following as the researched attributes: 1) the share of residential and recreational zones in relation to the total number of urban land use zones falling within the grid cell; 2) The share of restrictions on use of residential and recreational zones in relation to the total number of restrictions on use forth in the urban planning regulations all land use zones falling into the grid cells.
Introduction
Land use and development rules are incorporated into the Urban Planning Code'2004. They govern the regulation procedures of land use and development for the settlement territory by the local authorities and urban zoning procedures. In turn, urban zoning and regulation of the settlements territory development, which principles are provided by the Rules, govern the ability to transform the environment, engaging all the stakeholders in the process, and, ultimately, ability to restructuring the entire urban system under the influence of goal-setting by the free enterprising. In this regard, it is necessary to research the new possibilities and features of the urban systems formation and the theoretical description of urban development processes due to the use of Land use and development rules (LUDR).
In the book "The Evolution of Urban Planning" (Gutnov, 1984) , a prominent Soviet urban planner, Gutnov A. E., posed the problem of the transition from the description based on the functional approach to the description of a new type, namely to description of the territory development intensity as a reflection of the maturity and level of urban planning system development. Mathematised formulation of the city description problem by the degree of the territory development intensity is the following -"Identifying the relationships between the basic properties of the urban area F, D, T, where F is the functional use type, D is the development intensity, and T is the placement (positional data)" (ibid p.119). In other words, it is a question of establishing relationships in the form of
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Modern Applied Science Vol. 9, No. 5; 2015 Later, relationship (1) resulted in the "frame and fabric" model. The cited paper by Gutnov was an attempt to combine the two different traditions of basic urban systems study. On the bottom side, there is the tradition of urban planning, originating from the famous paper by Clark, dedicated to the study of the urban population distribution density depending on the distance. Clark's formula (like his approach) for quantitative pattern of spatial changes in the density of the urban population is confirmed in the works of other devotees of using mathematical and statistical methods for the analysis of urban systems. The information can be learned in the reviews (J. McDonald, 1989) . In the future, quantitative ratios have been used in the context of applied sciences: transport geography (B. Liddle, 2013), economics (N. Karathodoroua, D. J. Grahama, R. B. Noland, 2010) et cetera.
In contrast to this tradition, the Soviet urban school focused on the use of functional approach to the territory development, which was reflected in the works of the founders and followers of the traditions: Belousov, V. I., Smolyar, I. M., Sdobnov, Yu. A., Vladimirov, V. V., Lavrov, V. A., Kudryavtsev, O. K., Bocharov, Yu. P., Kogan, L. B. (Smolyar, I. M., 2001; Vladimirov, V. V., 1999) . The main efforts in this approach are devoted to the problem of optimal mutual accommodation of areas with defined functional purpose. Functional areas as per the definition by the Urban Planning Code of the Russian Federation are zones for which the territorial planning documents define boundaries and functionality. The Urban Development Code does not define types and composition of the functional areas. Residential, recreational, industrial and others zones are distinguished.
It is interesting that despite all the differences of the approaches, the "frame and fabric" model is recognized and used in both traditions. The example of mathematical and statistical analysis use is the work on the construction of various indices within the "frame and fabric" model (Yu, H. T. 2005) . The term of "urban fabric thinning" is also well-known. The present work is an attempt to return to the original formulation of the problem in the statement by Gutnov in the form of formula (1), but on a new basis -on the use of the possibilities inherent in the Land use and development rules. In the first paper of this cycle (Gushchin, F. A., Gushchin, A. N., Sanok, S. I., 2012) we have shown that the measure for the intensity of the territory development (D) can be represented as the number of permitted kind of use of the territory (restrictions on use), recorded in urban planning regulations applied to each land use zone. The proofs are represented as contour line maps for the number of restrictions on use of urban land use zones for a total number of restrictions of large and major cities. Further, we studied the development of institonal (social and business) and industrial zones . The present work is the deepening of the proposed approach and is dedicated to the study of the spatial distribution in case of residential and recreational zones. The importance of studying the spatial distribution of residential and recreational land use zones is because, unlike the industrial and institutional zones creating a frame of social and economic activity at the territories, residential and recreational land use zones are a fabric "stretched" on this frame. Gutnov A. E. in his "frame and fabric" model refers to the fabric as to a "material substratum" of the urban planning system. Thus, his article analyses the spatial structure of the urban fabric.
Method
The method of research is completely analogous to that used earlier (Gushchin, F. A., Gushchin, A. N., Sanok, S. I., 2012) . Briefly, it involves the following steps: the area of the researched city is covered with a uniform rectangular grid. Grid pitch is chosen so that each cell of the grid covers several land use zones. More precisely, their amount shall be sufficient to be able to use methods of mathematical statistics. Then, the frequency of instances when the researched attribute gets into a grid cell is counted and frequency histograms are created. The researched attributes include the share of land use zones -residential and recreational -in relation to the total number of urban land use zones falling within the grid cell; and the number of restrictions on use forth in the planning regulations pertaining to residential and recreational zones, relatively to the total the number of restrictions on use of urban land use zones falling within the grid cell. Further, histogram approximation using a piecewise linear surface was carried out and contour line maps of the researched attribute level were created. The resulting contour lines were exported to a graphics package. They were smoothed using the method of splines. The choice of the researched attributes is based on the following circumstances. Firstly, the selection of the basic document -the Land use and development rules -is because the rules are the only normative document of the entire documents corpus of territorial planning and urban zoning. In addition, the Urban Planning Code in Art. 30 requires the creation of "...conditions to attract investment, including by allowing the selection of the most effective types of permitted use of land and capital construction projects" as one of the purposes of the Rules. Thus, the Land use and development rules are a document that directly determines the behaviour of the investor determining the intensity of land development. Therefore, the first researched attribute -the share of urban residential and recreational land use zones to the total share -really characterizes the share of "material substratum" of the urban planning system, namely the state and the spatial structure of the urban fabric. More complex feature is the second researched attribute. According to the Urban Planning Code, the planning regulations consist of three parts: the list of the types of permitted uses of real estate (restrictions on use), the list of types of conditionally permitted use, and the list of additional uses. The list of permitted uses of real estate is a list of real estate that can be built in the area of urban land use zone with minimal coherence. Therefore, the second researched attribute -the ratio of restriction on use for urban land use zones of residential and recreational zones to the total number of restrictions on use in all land use zones -is a more subtle feature of the urban fabric. This feature captures urban fabric formation trends.
Finally, the choice of cities for which the method described and constructed contour line maps were applied. The choice was determined solely by the two factors: a) the city shall be large enough so that it was possible to get a histogram of frequencies (see Figure 1 ), b) there shall be the availability and quality of raw data -Land use and development rules.
Results
Figures 2 and 3 show the calculated contour line maps of residential and recreational areas for Yekaterinburg (Yekaterinburg LUDR, 2004) . Structure of contour lines for the number of residential and recreational zones for Yekaterinburg in Figure 2 shows: a) a marked tendency to the imposition of residential zones on the outskirts of the city, b) polynuclear structure of the spatial distribution of residential and recreational areas, and c) grouping mainly in the north-west direction. Spatial unevenness in building up the urban "fabric" suggests that the major axis of Yekaterinburg's urban frame is arranged in the direction "north-south", and the urban "fabric" is being formed perpendicular to this axis. Contour line maps of restrictions on use shares of residential and recreational land use zones, shown in Figure 3 , is similar in its structure to contour line maps of share of residential and recreational zones, indicating the stability of the spatial configuration of the areas. Vol. 9, No. 5; 2015 there are two distinctions from Yekaterinburg ( Figure 1 ): a) residential and recreational areas on the outskirts are distributed more evenly, b) "islands" of residential and recreational areas are denser, -the proportion of residential and recreational areas is higher relatively to the background. Also, the spatial axis in the direction of "north-west south-east" is observed, and the islands of residential and recreational areas are located perpendicular to it. Spatial structure of contour line map for restrictions on use share of residential and recreational land use zones for Kaliningrad ( Figure 5 ) is similar to the spatial structure of contour lines of residential and recreational zones share. It witnesses the sustainability of urban "frame" and the existing balance between the "frame" and the "fabric".
Figures 6 and 7 show the results for the city of Omsk (Omsk LUDR, 2008) . In Omsk, residential and recreational areas are also located on the periphery of the city, but urban "fabric" permeates all urban planning space. The spatial structure of residential and recreational areas remains polynuclear. It is still possible to allocate space in the direction of "north-west south-east" perpendicular which fabric is created. Earlier, in the analysis of industrial land use zones structure (Gushchin, F. A., Gushchin, A. N., Sanok, S. I., 2013); we noted that Omsk is characteristic with the formation of the peripheral belt of industrial zones. This spatial arrangement of zones can be called inverse, because it generates traffic flows not from the periphery to the centre, but rather from the centre to the periphery (the place of residence to the place of work). Figure 8 provides polynuclear structure of residential and recreational areas pronounced much less, the spatial arrangement of residential and recreational areas are uniform, urban "fabric" permeates a significant part of the urban planning space. Nevertheless, it can be said that the urban fabric is also formed in the direction perpendicular to the main planning frame axis, given by the natural communication direction -the river. The spatial structure of the contour lines restrictions on use for residential and recreational zones is completely similar to the above picture shown in Figure 9 . Figure 10 shows that the residential and recreational areas in general form the urban planning space. Polynuclear spatial structure of the urban fabric is blurred and is more clearly visible on the contour line map of restrictions on use, characteristic of the residential and recreational land use zones; Figure 11 shows the same but in relation to the total number of restrictions on use. The last exhibits a tendency to form a peripheral area in the direction of "north-west south-east".
Figures 12 and 13 show the results for the city of Saratov (Saratov LUDR, 2008) . Figure 12 demonstrates the spatial structure of residential and recreational areas as polynuclear, which is also built up perpendicular to the main planning axis, located in the direction "north-south-west". However, the direction of this axis is not directly related to the natural communication direction development -the river. In addition to the large planning axis, another one can be allocated -it is smaller and is located in the direction of "centre-north-west". Contour line map of share of residential and recreational zones restrictions on use ( Figure 13 ) has a similar spatial structure. Figure 16 shows a contour line map where urban "fabric" formed by the residential and recreational zones permeates all of the urban system planning space. Polynuclear structure of the urban "fabric" s preserved -there are two denser nucleuses. Overall spatial axis is weakly expressed in the direction of "north-west south-east." Contour line map of restrictions on use share of residential and recreational zones restrictions on use - Figure 17 -shows a tendency to form a more differentiated polynuclear area structure.
Figures 6 and 7 show the results for the city of Ufa (Ufa LUDR, 2013). Figures 18 and 19 show that the spatial character of the urban "fabric" for Ufa is qualitatively similar to the spatial distribution of the urban "fabric" for Tyumen. Urban "fabric" formed by the residential and recreational zones permeates all of the urban system planning space. There are several slightly more dense cores. Single spatial axis of residential and recreational areas grouping is not visible, despite the presence of natural communication direction along the river. 
Discussion
Summary of quantitative results for residential and recreational zones is presented in Table 1 . Based on the table above we can see that the spatial distribution of residential and recreational zones is polycentric while having (or not) a single spatial direction, determining the nature of centres grouping. The average share of residential and recreational zones for different cities is 0.48, the maximum value of residential and recreational areas share, on average, is 0.94, and the average excess of the maximum value above average is 2.01. The relative variation range (the difference between the minimum and maximum values, referred to the mean) for the average values is 85%. Table 2 presents a summary of the spatial distribution of restrictions on use shares specific to residential and recreational zones to the total number of restrictions on use of urban land use zones in the territorial areas. According to Table 2 , the average restrictions on use share for residential and recreational zones is 0.41, the average value of all maximums is 0.98, and the average excess of the city average maximum is 2.6. Mean values variation scale 75% is roughly equivalent to similar characteristics of residential and recreational zones shares. A group of cities with a small proportion of restrictions on use value for residential and recreational zones in relation to the total number of urban land use zones: Omsk, Perm, Ufa, and Khabarovsk, draws attention. Small value of this ratio indicates that there are the territorial areas functional purpose change processes i.e., the process of restructuring the urban "fabric", which should correspond to the frame.
Comparing the results shown in Tables 1 and 2 , the features calculated for the share of residential and recreational zones and the shares restrictions on use of residential and recreational zones are quite similar. Summarizing the results, it can be seen that all these cities fall into two distinct groups: the cities with a single spatial axis, and the cities missing spatial direction. For the first group of cities, urban fabric -residential and recreational areas are polynuclear structure. They are grouped in a direction perpendicular to a single axis. For the second group of cities, urban fabric -residential and recreational areas permeates all urban planning space, so polynuclear structure of residential and recreational areas is much less expressed.
The existence of a single spatial axis around which polynuclear urban fabric is further located is the result of a well-known by professional city planners' effect. Thus, V. A. Lavrov and O. K. Kudryavtsev, summing up the experience of the spatial reconstruction for large cities, noted that "the further development will proceed not spontaneously, but by increasing the mechanical bypass concentric areas, over clearly expressed outgoing directions, giving better orientated planning structure" (Kudryavtsev, O. K., & Lavrov, V. A., 1976) . Similarly Bocharov Yu. P. and Kudryavtsev O. K. established the existence of the relationship between the type of structure and geometry of the urban planning system and plan geometry contrast flexible planning structure and closed, static structure. Flexible planning structure, according to Bocharov and Kudryavtsev, is characterized by "growth in predominantly one direction" (Bocharov, Yu. P., & Kudryavtsev, O. K., 1969) . Thus, the effect of the city development in one spatial direction was observed in the 1970's; Lezhava described the modern concept of "linear city" (Lezhava, I., 2012) . Further one can see a brief description of the concept of "At the heart of the settlement channels is the transport corridor. It is used for the move of the continuous flow of people, goods, water, energy, and minerals. Channels of their movement are roads, pipelines, various types of conveyors and rail systems. Easy accessibility makes this "channel" area especially suitable for development. This area has a total width of about 10-15 kilometres". Thus, the tendency in the urban fabric organization shall be considered in the context of the expected trends in the transition to the linear city.
Conclusions
In general, it can be concluded that the study and use of the opportunities contained in the Rules of land use and development open up new possibilities for the study of patterns for using the urban planning space, its structural elements and understanding the laws of urban planning systems development. In particular, studying the spatial characteristics of the residential and recreational planning zones allows studying the structure and properties of the urban fabric as an example of real objects (cities). Studying a sample of real cities, current trends of urban development can be observed.
